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Abstract
Safety at Railway Level Crossings (RLXs) is an important issue within the
Australian transport system. Crashes at RLXs involving road vehicles in
Australia are estimated to cost $10 million each year. Such crashes are
mainly due to human factors; unintentional errors contribute to 46% of
all fatal collisions and are far more common than deliberate violations.
This suggests that innovative intervention targeting drivers are particularly
promising to improve RLX safety. In recent years there has been a rapid
development of a variety of affordable technologies which can be used to
increase driver’s risk awareness around crossings. To date, no research has
evaluated the potential effects of such technologies at RLXs in terms of
safety, traffic and acceptance of the technology . Integrating driving and
traffic simulations is a safe and affordable approach for evaluating these
effects. This methodology will be implemented in a driving simulator, where
we recreated realistic driving scenario with typical road environments and
realistic traffic. This paper presents a methodology for evaluating compre-
hensively potential benefits and negative effects of such interventions: this
methodology evaluates driver awareness at RLXs , driver distraction and
workload when using the technology . Subjective assessment on perceived
usefulness and ease of use of the technology is obtained from standard ques-
tionnaires. Driving simulation will provide a model of driving behaviour at
RLXs which will be used to estimate the effects of such new technology
on a road network featuring RLX for different market penetrations using a
traffic simulation. This methodology can assist in evaluating future safety
interventions at RLXs.
Keywords: Railway Level Crossings; Intelligent Transport Systems; Driving
and traffic simulations
1 Introduction
Crash data are traditionally gathered through police records. Safety assess-
ments of traffic systems are usually analysed based on particular police-
reported historical crash data and are therefore reactive. However, it is
unreasonable to wait for a large enough number of crashes to occur before
traffic systems can be evaluated especially at RLX where police-reported
historical records may not be sufficient (since collisions at RLX are rare but
catastrophic) for analysis either quantitatively or qualitatively.
There is consistent evidence that the behaviour of drivers contributes
to crashes and near miss incidents at Railway Level Crossings (RLXs)
[1, 2]. The development of innovative approaches which directly target driver
behaviour is a highly promising approach to improve RLX safety. Indeed, in
recent years there has been a rapid growth in the development of a variety
of emerging technologies [3]. A review of the literature shows that safety
at both passive and active RLXs could be improved by Intelligent Trans-
port Systems (ITS) interventions, and that ITS should focus on provid-
ing drivers with simple, easy to process information about the approach of
trains. Queensland drivers recruited into earlier focus groups perceived ITS
interventions as potentially useful. However, this positive perception primar-
ily related to their role in alerting the driver that a train is approaching,
especially in situations where visibility is reduced.
New technologies have the potential to increase driver awareness at RLXs,
using either in-vehicle or on-road warnings. However, it is important to
assess whether driver behaviour will really improve during a driving task
with the technology, whether new messages will not generate negative effects
on their attention on the road and whether drivers would accept the new
information provided to them. It is also important to asses the effects of such
interventions on traffic around crossings. Indeed, increased queuing issues
around crossings have been shown to result in increased risky behaviours.
No study has focused on such issues, and this paper proposes a methodology
for evaluating new ITS interventions for RLXs. Such assessment requires to
obtain information about driver’s behaviour when using the technology as
well as information about effects on traffic when implemented within a road
network. Therefore, integrating diving and traffic simulations is the solution
to obtain a comprehensive, safe and cost-effective evaluation of potential ITS
interventions for RLXs.
This paper presents a methodology which provides a comprehensive assess-
ment of driver behaviour at RLXs and allows an assessment of the benefits
and disadvantages of a new ITS intervention. A wide range of measures
from the driver, the vehicle and the environment will be compared between
a baseline of traditional RLXs and RLXs equipped with new ITS interven-
tions. These measures provide a comprehensive view of the effects of a new
ITS intervention as they cover driver awareness at the crossing and safety of
the driving behaviour, driver distraction, driver workload, driver acceptance
of the technology and potential negative effects on traffic. Each dimension
of the analysis of the effects of an ITS intervention - although likely to be
interdependent - will be the focus of a section in this paper.
2 Driver’s situation awareness at RLXs
In general, good drivers are more aware of their surroundings. This ability
is embedded in the construct of Situation Awareness (SA), which is defined
as “the perception of the elements in the environment within a volume of
time and space, the comprehension of their meaning, and the projection of
their status in the near future” [4].
The best way to measure SA is to use freeze-probe techniques [4]. Nev-
ertheless, such techniques are criticised for their intrusion upon primary
task performance [5], which is an issue when trying to evaluate the driv-
ing behaviour around RLXs. SA can also be assessed indirectly though
behavioural and performance measures such as the time required to respond
and the accuracy of the response to an event [6], or process indices such as
the measurement of participant eye movements to determine how the partic-
ipant’s attention was allocated [5]. Such methods have limitations: changes
in performance are not always related to changes in SA and eye move-
ments might reflect where the driver looks rather than what the driver sees
[4]. Nevertheless positive associations between SA and driving performance
(lane positioning, headway distance) have been found during a simulated
driving task [6, 7] and indirect methods are preferred for this methodology.
As applied to railway crossings, performance and errors (related to the
capacity to project the future status of elements in the driving environment)
can be obtained by an analysis of the compliance rate and violation of the
crossings, an assessment of the safety of the speed when arriving at the
crossing and an assessment of reaction times when an active protection is
activated or when a static sign is legible.
2.1 Performance measures
2.2 Compliance rate/Violation at the crossing
Compliance rate at railway level crossings is defined as the complete adher-
ence to the traffic rules at the crossing. It is a measure that is widely used to
assess the safety of a railway level crossing. It has been shown that compli-
ance rates obtained on a driving simulator are consistent with observations
made on roads [8].
A driver’s approach to a crossing is classified as “safe” if, at the distance
to the RLX where they first look for information, it is possible to (i) stop
the vehicle before the crossing and (ii) proceed ahead of a hypothetical train
approaching from the furthest observable point on the track [9].
The position where the driver starts their final braking is another mea-
sure of interest for evaluating the safety of the approach of the RLX. This
measure directly contributes to the collision/near-miss likelihood, as the
later the braking, the shorter the time-to-collision, and hence the higher the
possibility of a collision [8].
The speed profile while approaching a crossing is also of interest. Driving
at faster speeds reduces the time a driver has to gather and process informa-
tion from their environment, to formulate and carry out an action in order
to respond safely to a critical event [10]. The speed profile provides informa-
tion about the value of speed, the time and distance to the crossing when
speed starts to decrease and the way speed is reduced (abruptly, smoothly),
and hence provides information about the safety of the approach. The brak-
ing force can also be investigated as it is an accepted method to investigate
the urgency with which the driver reacts to a situation [10].
2.3 Process indices
2.4 Safety of driver’s approach of railway crossings
The driver’s evaluation of the situation can be monitored through their eye
gaze patterns. Driver gazes at RLXs can explain driver errors related to
detecting the crossing or the approach of a train. Eye movement analyses
have shown that most drivers do not look at several signs when approaching
RLXs. Further to the lack of gazes at signs when approaching crossings, a
large number of drivers do not search for trains at passive crossings [11].
3 Driver’s attention toward the road
The use of HMIs designed to assist in various driving situations is increasing
(e.g., collision warning and avoidance, adaptive cruise control, lane depar-
ture, etc.). Although these systems are designed to benefit drivers, there
are many instances where they can, and do, distract drivers from the pri-
mary task of driving. This is primarily due to the complexity involved, on
the driver’s behalf, in setting and monitoring the interface whilst driving.
Therefore the effects of any new ITS interventions on driver distraction
should be investigated. Such investigation will be done by analysing gaze
patterns of the driver - which will provide information about their gaze fix-
ations on signs at various crossings as well as the of their gaze distraction
from the road. The driver’s control of the vehicle will also be monitored,
through lane keeping for instance.
3.1 Reaction times
The braking reaction time (BRT) is of interest for RLXs. BRT is defined
as the time elapsed from the moment a stimulus appears until the driver
presses the brake pedal [12]. BRT is considered safe if braking occurs within
2 seconds after the onset of a stimulus when driving at highway speeds
(around 80 kph) [13]. It is of interest to assess whether the different ITS
interventions improve BRT when compared to conventional crossings. It is
expected that BRT should be faster with the assistance of ITS. Nevertheless,
if the ITS intervention increases driver mental workload, it could reduce
their attention and increase their BRT.
3.2 Control of the vehicle
The common perception among road safety researchers is that, if a manipu-
lation causes a driver to deviate more within the lane, and especially if the
vehicle is seen to cross one or both of the lane boundaries, then the risk of
a crash is also increased [10]. Performing a secondary task while driving -
such as the using an ITS - has been shown to increase lane position variabil-
ity in both simulated and on-road driving environments [14, 15]. Therefore,
lateral vehicle behaviour - or lane positioning - is an important indicator to
evaluate in order to assess whether the ITS intervention distracts the driver
from the driving task.
3.3 Eye gaze patterns
The time spent on searching the information should be long enough to be
aware of the situation, but should not be too long in order to be able to
react to other events. Glances at signs for more than two seconds would
be considered as visually too distracting [16]. Therefore, we can similarly
evaluate whether an ITS intervention takes driver’s attention away from
the road for more than 2 seconds. Also, if the task becomes too demanding
for the driver, their visual field concentrates towards the road centre and
results in less time looking at areas in the periphery [14, 17].
4 Driver workload
In the driving context, workload is commonly defined as the effort required
to maintain the driving state within a subjective safety zone [18]. There are
four methods which can be used to measure driver workload [19]: (i) sec-
ondary task performance, (ii) subjective estimates of workload, (iii) physi-
ological measures and (iv) stand-alone performance measures.
While secondary task performance is one of the most commonly used
measures of workload in driving research, is not an appropriate solution in
this study, the focus being on assessing effects of a new ITS intervention
during a realistic driving task.
Subjective estimates of driver workload are usually comprised of one or
more questions presented in a questionnaire format which are designed to
probe a driver’s experience of workload. The most commonly used and the
most widely validated subjective workload questionnaire is the NASA Task
Load Index, or NASA-TLX [20]. The NASA-TLX is a multidimensional
rating instrument that assesses six dimensions of subjective workload: men-
tal demand, physical demand, temporal demand, performance, effort, and
frustration level.
Physiological measures are also used in driving research to assess mental
workload. For example, cardiac activity has been found to be related to
the amount of workload experienced by a subject [21]. Most studies show
that the metric heart rate increases and the metric heart rate variability
decreases during increased mental processing [22, 23], though contradictory
results have been found. In addition, indices derived from spectral analysis
of inter-beat-interval (IBI) variability have been related to mental effort,
highlighting that attention is required to carry out a task [24].
An example of a stand-alone performance measure for RLX intervention
is driver eye glance behaviour. In particular, increased glance duration and
greater frequency of glances to a particular area in a driver’s visual field.
These metrics are generally accepted as measures of increased visual work-
load [19].
Three out of the four methods will be implemented in order to get a com-
prehensive evaluation of workload with the different ITS interventions. Eye
gaze patterns and cardiac activity will be measured when arriving at RLXs.
Effects of the ITS will be compared to a baseline of traditional RLXs. Partic-
ipants will also provide subjective assessment by answering the NASA-TLX
at the end of their driving session.
5 Acceptance of the technology
Current emerging technologies are likely to improve detection of crossings
and trains, but they largely fail to address the need to eliminate the ability
of the driver to circumvent the technology. To ensure compliance, it is nec-
essary there are high levels of driver acceptability of RLX warning devices,
such that motorists perceive the system to be reliable and understand the
need for the device [25]. ITS interventions will be efficient in reducing crashes
at RLXs only if such technologies are deemed to be acceptable by drivers.
That is why it is important to assess whether new ITS interventions are
likely to be accepted by drivers.
User acceptance - as defined by Swanson [26] - is a “potential user’s
predisposition toward personally using a specific system”. Research supports
a strong causal relationship between the behavioural intention to use a new
technology and the actual behaviour [27]. The technology acceptance model
(TAM) is a useful model for predicting intention to use or actual use of a
new technology. Nevertheless, it needs to be integrated into a broader model
including variables related to both human and social factors, since most
behaviours depend at least to some degree on non-motivational factors (such
as time, money, skills, cooperation) and are not completely under volitional
control. TPB takes these factors into account and more and more studies
have been focused on integrating them [28]. The TAM is an adaptation
of the theory of reasoned action (TRA) which explains and predicts the
behaviour of people in specific situations [29]. The assumption in the TAM
is that the behaviour is volitional, that is to say using the technology is
voluntary or at the discretion of the user [30]. It is primarily used to predict
the likelihood of adoption of a new technology. TPB differs from the TRA by
adding the construct perceived behavioural control, which refers to people’s
perception of the ease or difficulty of performing the behaviour of interest.
Such construct varies across situations and actions, and this model is widely
researched and used for predicting and explaining human behaviour across
a variety of conditions, while also considering the effects of individual and
social systems in the process [31].
TAM focuses on two user beliefs, namely the perceived ease of use and
the perceived usefulness of the new technology, and their influences on the
intention to adopt a new technology [32]. Even if potential users perceive a
given technology to be useful, they may also believe that the system is too
hard to use and that the performance benefits of usage are outweighed by
the effort of using the technology [33].
The TAM was proposed as a means of predicting technology usage. How-
ever, most studies in literature validate it by using a measure of behavioural
intention to use or self-reported usage, rather than actual usage. TAM vari-
ables are a much stronger predictor of the behavioural intention to use a
technology than the actual usage of a technology [34]. Such measures are
therefore not precise measures and should be used as relative indicators
[29]. When users have experiences in using the technology, the relationships
between intention and self-report and actual usage are stronger. When using
a pre-implementation perspective (the case of this study), it is necessary to
have an experimental design in which the subjects were introduced and
trained to use a new technology before they provide responses regarding
the perceived usefulness, perceived ease of use and behavioural intentions
toward that particular technology [32].
TPB identifies three attitudinal antecedents of behavioural intention. Two
reflect the perceived desirability of performing the behaviour and are (i)
the attitude toward outcomes of the behaviour (reflects positive feelings
towards performing a particular behaviour) and (ii) the subjective norm
(reflects perceptions of social pressure to perform in a particular way). The
third construct is the perceived behavioural control, which measures and
accounts explicitly for the extent to which users perceive that they have
control over their behaviour [31, 30], i.e. it reflects internal and external
constraints on the ability to perform the action [28].
In the Theory of Planned Behaviour, behavioural control directly affects
intention to perform a behaviour, and may directly affect behaviour in sit-
uations where the user intends to perform the behaviour, but is prevented
from doing so [31].
6 Effects of the technology on traffic
Lee & Hu [35] emphasized that delay was one of the prime indications for
evaluating RLX as they might create excessive delay for road traffic and
therefore possible violations. Therefore effects on traffic around RLXs of
new ITS interventions need to be investigated. An innovative traffic conflict
prediction model and a queuing effect model using current transportation
simulation are developed for such an assessment. This model estimates the
safety of railway crossings as a function of the traffic volume, the train
headway and the type and market penetration of the trialled technology.
The idea of using traffic simulation for safety assessment usually faces
some difficulties due to the fact that all road users drive a vehicle in a safe
manner. In order to overcome this issue, extensions to the traffic simulator
need to be developed (through the API of the traffic simulator) [36]. Vehicles
dynamics around crossings with ITS interventions need to be added to the
traffic simulation. This is done by using the data collected from the driving
simulator as inputs to the traffic simulation model. This provides a range
of driver perception, reaction and driving behaviour and errors, which can
result in potential conflicts at RLXs.
6.1 Traffic conflicts
Compliance can be interpreted as the probability of stopping in a traffic
simulator. During the time of activation of a signal (flashing light at RLX
for instance), the driver makes a decision to either ’go’ or ’stop’ depending on
their speed and distance to a stop line. This probability can be modelled as
a function of speed and distance to the crossing when the signal is activated.
The probability model p is given by the following equation:
p =
1
1 + exp−(α+β1·v+β2·d)
(1)
where v is the speed of the vehicle, d is the distance to the stopping position
and α, β1 and β2 are constants.
The speed profile observed in the driving simulator can be used to reli-
ably model the speed of the leading vehicle approaching a RLX in the traffic
simulation. This is done by a calibration of the speed of the leading vehi-
cle. This calibration changes the values of the coefficients of the previous
equation. Using values of coefficients measured in a driving simulator, it is
possible to create traffic in the traffic simulation that models adequately a
real situation in terms of the probability of stopping [36]. Then potential
conflicts at the crossing can be evaluated with micro-simulation as well as
their severity.
6.2 Delay and queue length
Micro-simulation is used to study traffic queues. Such a study can help
resolve the likelihood of conflicts and also can help practitioners to analyse
traffic flow interactions. Delay and queue length are appropriate measures
not only of traffic efficiency but also of traffic safety. Here, the definition of
delay is the time gap between the moment when a vehicle stops, as defined
by its speed being under a given threshold speed, and the moment when the
vehicle’s speed exceeds another threshold speed. In particular, when some
drivers experience delays near a RLX, they tend to change their driving
behaviour and may cross the crossing illegally, make a U-turn to find an
alternative route, or experience reduced attention. Such conditions are likely
to result in unsafe practices. From several earlier studies, a simple empirical
model was provided to estimate the queue length at the intersections [37, 38].
This model can be used to assess whether a particular RLX configuration
is likely to be risky. Then such RLX can be implemented on the traffic
simulator, and effects of the new ITS interventions can be simulated.
Clearance time is also a key traffic element for assessing the effects of ITS
interventions at RLXs [36]. Clearance time is calculated as a function of the
distance between the stopping location at an intersection and the RLX, the
speed of the shock wave, and the type of vehicles in the queue.
7 Conclusion
This paper has presented a methodology to evaluate new ITS interventions
at railway level crossings. This methodology provides a comprehensive eval-
uation of the potential positive and negative effects of the implementation
of new ITS at RLXs. Driver behaviour while approaching a crossing will
be measured by a comprehensive set of variables collected in a driving sim-
ulator, together with physiological devices. The effects of the technology
on driver workload will be monitored with both physiological devices and
subjective questionnaires. Driver behaviour will be assessed through compli-
ance at the crossing, the safety of the approach of the crossing, the control
of the vehicle, driver’s eye movements and fixations on signals, rail track
and/or trains, and driver workload (subjective and physiological). After
participants have used the ITS, their feedback about their acceptance of
the technology will be collected via a questionnaire which is an adaptation
of the Technology Acceptance Model. Driving simulator data will then be
used to create a realistic micro-traffic simulation in order to evaluate the
effects of an ITS intervention on a network scale around a crossing, focusing
on both potential conflicts and queuing effects due to the technology.
This project will evaluate driver reactions to the introduction of new
ITS interventions at RLXs. The most promising in-vehicle and on-road ITS
which are likely to facilitate RLX safety outcomes have been identified dur-
ing a literature review process and will be evaluated with the use of both
a driving and traffic simulators. By integrating surrogate safety measures
in conjunction with traffic simulation models, we will be able to determine
which safety approach is safer and more efficient for specified traffic and
train volumes and market penetration of a new ITS intervention for RLXs.
This will result in a ranking of the trialled ITS interventions and recom-
mendations for actual implementations.
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